Purpose To investigate early changes in choroidal thickness (CT) and the relationship with accommodation after myopic excimer laser surgery. Methods We enrolled the right eye of 70 patients with myopia and without other ophthalmic or systemic diseases who were suitable for myopic excimer laser surgery. The CT was measured at the fovea and at distances of 0.5 and 2.5 mm for the following: nasal; temporal; superior; and inferior to the fovea preoperatively and at 1 month postoperatively. Other data collected included demographic information (age, sex, and refractive error), the amplitude of accommodation (AA), intraocular pressure, axial length, corneal thickness, and surgical parameters. The data were analyzed with a paired Student's t-test, stepwise linear regression, and correlation analysis. Results The CT was significantly thicker postoperatively compared with the preoperative CT. The AA significantly decreased postoperatively. The change in the AA was the most significant factor associated with the change in the CT at the fovea. Except for 2.5 mm inferior to the fovea, the increase in the CT at other locations was positively correlated with the decrease in the AA. Conclusions The CT increased following myopic excimer laser surgery and the change was most obvious when accompanied by a decrease in the AA early after the surgery.
Introduction
Myopia is a significant global public health concern throughout the world. Presently, although the age of onset of myopia is decreasing, the incidence rate of the disease is increasing. 1 The choroid, which located between the retina and sclera, is uniquely situated to transfer retina-derived signals to the sclera to effect changes in ocular size. 2 It is also the source of many vision-threatening diseases such as macular degeneration and polypoidal choroidal vasculopathy. 3, 4 In profoundly affected myopic eyes, the choroid is thinner than in normal eyes, and it undergoes further thinning with age and increasing myopia. 5, 6 A thinner choroid could be instrumental in the onset and progression of severe myopia-related diseases. 7 Increasing numbers of ophthalmic scholars and clinicians are focusing on choroidopathy induced by myopia. The focus of myopia-related research has gradually shifted from the dioptric media of the anterior segment to the tissues of the posterior segment such as the choroid, to investigate the etiology of myopia.
The prevention and treatment of myopia have always been a public health concern. However, the use of refractive surgery to correct myopia is controversial. Laser in situ keratomileusis (LASIK) and laser epithelial keratomileusis (LASEK) have become common treatments for myopia. In previous studies, the safety, efficacy, and predictability of these treatments have been assessed by the change of visual function 8, 9 and ocular anterior segment. 9, 10 However, the change of ocular poster segment, especially choroid has rarely been evaluated following refractory surgery.
As shown in studies, the choroid expanded or thinned in myopic eyes, which has a good correlation with increasing myopia. 6 This finding suggests that there may be an important relationship between myopia and choroidal thickness. During the process of myopic recovery in chick, the choroid compensated by becoming thicker. 11, 12 Thinning choroidal thickness was recovered due to a reduction or neutralization of the myopiogenic stimulus to eye growth in these myopic children wearing overnight orthokeratology contact lens. 13 However, the change in the choroidal thickness (CT) after correcting myopic refractive error in humans has not been reported.
The aim of the current study was to investigate whether CT, an important factor in myopia, changed following myopic excimer laser surgery and to identify the factors associated with any observed changes. The overall goal of the study is to provide a comprehensive evaluation of functional recovery levels after refractive surgery.
Materials and methods

Patients
We enrolled the right eyes of 70 patients (70 eyes) with myopia who had no other ophthalmic or systemic diseases and were eligible for myopic excimer laser surgery (LASIK or LASEK). The study took place from July 2012 to October 2013 in the Department of Ophthalmology, Shanghai First People's Hospital. The CT was measured at the fovea and at distances of 0.5 and 2.5 mm nasal, temporal, superior, and inferior to the fovea preoperatively and at 1 month postoperatively. Our study was approved by the Institutional Review Board of Shanghai First People's Hospital, Shanghai Jiao Tong University, and it adhered to the provisions of the Declaration of Helsinki for research involving human subjects. We obtained informed signed consent from all the patients before participating.
We collected basic information (age, sex, and refractive error) and data on the corneal thickness, and surgical parameters (ablating depth and residual thickness of stromal bed), preoperative and postoperative intraocular pressure (IOP), amplitude of accommodation (AA). The corneal thickness was measured with a corneal pachymeter (SP3000, Tomey). The axial length was measured with intraocular len master (IOL Master; Master 500, Zeiss). The refractive error was described as equivalent power. The IOP was measured with a noncontact tonometer (Full Auto Tonometer TX-F, Canon). The IOP after surgery corrected was got by the forum (IOP corrected (mm Hg) = IOP measured − (measured corneal thickness (μm) − 578 (μm)) × (5/70). 14 The AA was measured by push-up test, and the CT was measured by spectral domain optical coherence tomography (SD-OCT). Two doctors measured all the ophthalmic parameters independently three times and the results were averaged.
Surgery protocol
The same doctor performed LASIK or LASEK surgery to correct the myopia. LASIK surgery was performed using a Moria 2 disposable microkeratome (head, 90 μm) to create the corneal flap (depth, 110 μm). The myopic correction was then registered on the ALLEGRTTO 2009 excimer laser and the appropriate ablation performed. LASEK surgery was performed by placing 20% ethyl alcohol within the corneal epithelial ring for 8 s. An intact epithelial flap was retracted. The ALLEGRTTO 2009 excimer laser was applied in a similar manner to the LASIK procedure. 15 Spectral domain optical coherence tomography SD-OCT (Zeiss-Humphrey, Jena, Germany) with enhanced depth imaging (EDI) was used to measure the CT. Five line scanning by SD-OCT was performed at the area of fovea at the vertical and horizontal azimuth with scanning length by 6.0 mm. The OCT images for our study were selected in the middle of fovea. 16 Choroidal thickness was perpendicularly measured from outermost hyper-reflective line of the retinal pigment epithelium to the choroid-scleral junction, presumed as hyper-reflective line behind large vessels of choroid at the fovea and at a distance of 0.5 and 2.5 mm nasal, temporal, superior, and inferior to the fovea ( Figure 1 ). 16, 17 All the images were taken by two doctors independently for three times to get the average, at the same time point between 0800 and 0000 hours before and after surgery in our routine clinics to avoid possible diurnal variation in the CT. When one eye was examined by OCT, preoperative patients were asked to stare at the green light (target) attached to the OCT device in order to align the test eye for the fovea and control accommodation. The distance of target was adjusted with reference to the patients' refraction. Postoperative patients were asked to look straight at another target at 5 m (infinity theoretically) to control accommodation.
Data analysis
All the results were expressed as the mean ± SD. A paired Student's t-test was used to compare differences in CT, IOP, AA preoperatively and postoperatively. We compared basic information (age, sex, refraction error), corneal thickness, axial length, and surgical parameters (ablating depth and residual thickness of stromal bed), preoperative and postoperative IOP, AA, the change of IOP (ΔIOP) (ΔIOP = IOP before surgery-IOP after surgery), the change of AA(ΔAA = AA before surgery-AA after surgery) with stepwise linear regression to determine the most significant Change in CT after refractory surgery M Li et al factors associated with the change in CT (ΔCT; ΔCT = CT after surgery-CT before surgery) at the fovea.
The correlation between ΔCT and the most significant factor were assessed with correlation analysis. Statistical evaluation was performed using SPSS software 19.0 for (IBM, Armonk, NY, USA). A value of Po0.05 was considered statistically significant.
Results
Group demographics and all clinical parameters are shown in Table 1 .
The CT at the fovea and distances of 0.5 and 2.5 mm nasal, temporal, superior, and inferior to the fovea 1 month after surgery was significantly thicker compared with the CT before surgery (Po0.05, Figure 2) .
AA significantly decreased after surgery (Po0.05). Stepwise linear regression indicated that ΔAA was the most significant factors associated with ΔCT at the fovea. The formula used was: subfoveal ΔCT (μm) = 9.593 +16.516 × ΔAA (D) (F = 106.736, Po0.05).
Correlation analysis showed that except 2.5 mm inferior to the fovea, the increasing in the CT at the other points examined were significantly positively associated with the decreasing of AA (Table 2, Figure 3 ). 
Discussion
The incidence of myopia is increasing, whereas the age of onset is gradually decreasing. 1 Recently, the focus of refractive error research has shifted to the posterior segment, especially the CT, which is an important initial factor in pathologic myopia. 6 A significant thinning in CT related with myopia was observed and CT in myopia had negative correlation with refractive power, axial length, and age, which was mentioned in previous studies (Table 3) . 5, 6, 16, 18, 19 Excimer laser refractive surgery is a common option for correcting myopia. Our study, first reported that the choroid becomes thicker following myopic refractive surgery. Previous researches suggested that choroidal thinning is critical to the onset and progression of such choroidal diseases, such as polypoidal choroidal vasculopathy 4 and central serous chorioretinopathy. 20 On the basis of the findings of the present study, the CT showed a tendency to become thicker after correcting the refractive error. This may reduce the incidence of some choroidal diseases and improve patients' visual function to a certain extent.
Ciliary body, ciliary muscle, and choroid are part of the accommodative apparatus of the eye. Ciliary muscle has been found to insert into regions of the anterior choroid. 21 Accommodation occurs as the ciliary muscle and ciliary body move forward and inward. As reported previously, the force involved in the contraction of the ciliary muscle may be transmitted to the choroid, and this mechanical force can affect the CT. 22 Previous studies confirmed that in the absence of a clear retinal image, ocular accommodation can be stimulated, 22, 23 and that the force of ciliary muscle contraction applied an inward and forward pulling force, which resulted in thinning of the choroid.
Accommodation decreased early after myopic refractive surgery in our findings. We postulated that there may be two major reasons as followings: (1) poor accommodative facility and slow accommodative responsiveness were existed in myopic people with accommodative lag, 24, 25 which would result in low accommodation reserve of myopia patients. (2) Accommodation demand was increased at the early postoperative period because of post apex moved backward to cornea and overcorrection early postoperatively. 26 In our study, the decline in the AA had a significant positive correlation with the increase in the CT. Previous studies speculated that in the absence of a clear retinal image, ocular accommodation was stimulated. Meanwhile myopia would reduce the accommodative facility and extend the time of accommodative recovery. The accumulative effects of accommodation eventually cause the structural elongation of the eyeball in the myopic eye. [22] [23] [24] Our study showed a decrease in AA postoperatively, and CT increased as AA reducing after surgery. We proposed that after correcting the refractive error, retinal images become clearer. This reduces the accommodative stimulation, which lessens axial extension, thereby relieving the load on the AA. Ultimately, the choroid becomes thicker following the decrease in the tension on the ciliary muscle and the stretching of the eyeball attached to the choroid. Besides that, we also found that there was no correlation between AA and CT at 2.5 mm inferior to the fovea. Accommodation was mainly regulated by the ciliary muscle and ligament of lens. The ciliary muscle moves forward and inward, allowing the lens equator to move away from the sclera for stretching the choroid, 27 so we speculated during accommodation process, the ciliary muscle mainly stretched horizontally, Figure 2 Choroidal thickness measured by SD-OCT before surgery and 1 month after surgery. T1 is the location 0.5 mm temporal to the fovea. T2 is the location 2.5 mm temporal to the fovea. N1 is the location 0.5 mm nasal to the fovea. N2 is the location 2.5 mm nasal to the fovea. S1 is the location 0.5 mm superior to the fovea. S2 is the location 2.5 mm superior to the fovea. I1 is the location 0.5 mm inferior to the fovea. I2 is the location 2.5 mm inferior to the fovea. The number of patients was 70 for all locations. **Po0.01, *Po0.05.
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Eye which might make partition effect in the various locations at the fovea. Previous research demonstrated that in the process of myopic optical defocus, a cascade system might be built by neurotransmitters from the retinal pigment epithelium to melanocytes in the choroid, which might induce a change in the choroid. 28, 29 We speculated that structural changes in the choroid may be explained by visual information being transferred through neurotransmitters from the retina to the choroid following visual recovery after surgery. Moreover, choroid contains numerous larger blood vessels. 30 Vascular permeability might have a role in change of the choroidal thickness. The protein content moved into the extracellular matrix and/or lymphatics followed by increasing vascular permeability causing a increased choroidal fluid, which will result in the choroid thicken by the restoration of vision in form deprivation myopia. 31, 32 We speculate that after surgical correction of refractive errors, vascular permeability increased with the information of recovering the vision transferred from the retina, and then a large volume of liquid might move to the choroid to improve the choroidal blood flow causing reversing the increase in the CT.
As with most studies, our finding needs to be considered in light of our study limitations. First, our follow-up time was only 1 month after surgery, and further studies with a long follow-up period would be needed. Second, manual measurements were made because there is no automated software commercially available to quantify choroidal thickness. Third, there is no built-in system to correct for magnification with OCT devices in general. In the OCT system of our study, the 'auto-all focus' feature and precise positioning for optical correction was used to minimize the magnification effects from refractory error. 33 Patients in our study belonged to low and middle degree of myopia, as an alternative approach to minimize potential errors from image magnification. 34 Eye magnification was corrected using Bennett's formula (axial length-corrected measurements) in previous studies. 35 In our study, there was no significant difference in axial length before and after surgery and we speculated that there was no significant magnification effect in CT of the same individual before and after surgery.
In summary, our study showed that a thin choroid due to myopia became thicker following surgical correction of a myopic refractive error. To some extent, choroidal thickening might reduce the incidence of some choroidal diseases. CT increased more when accompanied by a decrease in the AA early after the surgery. Further study will enlarge follow-up time to focus on changes in accommodation with subjective and objective methods and ocular structure changes by synchronized SD-OCT system, for better understanding of the mechanisms associated with this phenomenon.
Summary
What was known before K The change in the choroidal thickness (CT) after correcting myopic refractive error in humans has not been reported.
What this study adds K We want to investigate whether CT, an important factor in myopia, will change following myopic excimer laser surgery, and to investigate factors associated with the observed changes.
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